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The temperatu he solution of m are the nu ctions: 1 , respectively. Fig. 6 shows the results of the experimental measurement and the theoretical calculation of a heating process of a C-45 steel disk of diameter 10 cm, placing the inductor in static position centred with the disk. The three-dimensional plots in the left side are, from bottom to top, the calculated power density distribution generated in the disk, the calculated temperatures, and the temperature distribution measured with the infrared camera, after 57 s applying 580 W. The plot in the top-right corner shows the measured and calculated temperature profiles along a radius of the disk after 57 s. The plot in the bottom-right corner shows the temperature evolution in the centre of the disk and in a point at 2.5 cm from the centre. The results show a good agreement between the experimental and theoretical data in the spatial distribution as well as in the temporal evolution of the temperature. On the other hand, Fig. 7 shows the results of heating a disk of 20 cm of diameter with the inductor following a circular trajectory of 6 cm of radius, with speed of 1.11 rad/s, applying 1200 W during 108 s. Again, the model shows a good approximation of the calculation of the spatial distribution as well as of the temporal evolution. The small differences between the theoretical calculations and the experimental measurements confirm the model correctness.
V. THEORETICAL STUDY OF THE HEATING PERFORMANCE
The worst operation case in an induction cooktop is the pre-heating process applying a high power level, which is commonly employed by users to obtain a fast heating of the pan before adding the food. At the end of this process, when a maximum temperature of around 180 ºC has been reached, the temperature distribution is more heterogeneous, due to the negligible effect of the heat diffusion through the base of the pan with respect to the heat generation.
As aforementioned, the performance in thermal distribution of the mobile double-coil heating appliance is analyzed using the theoretical model proposed. For this purpose we simulate the pre-heating process of circular pans with diameters in the range of 5 cm to 32 cm, using the heating strategies with the mobile inductor that we proposed previously (Fig. 2) . The maximum temperature differences for each disk size and strategy are calculated. Thus, we obtain the best solution for each range of pan diameters, with which the temperature differences are lesser and a more uniform heating is achieved. The average power density used in the pre-heating process in induction cooking hobs is generally lower for big pans than for the small pans. Hence, we use three different average power densities for three ranges of disk diameters, shown in Table I . Fig. 6 . Comparison of calculated and measured temperatures after applying 580 W during 57 s in a disk of diameter 10 cm of C-45 steel, using a circular inductor of the same diameter, centered with the disk. In the left side, from bottom to top are shown the calculated power density distribution generated in the disk, the calculated temperatures and the measured temperatures after 57 s. In the right side, the top plot shows the temperature profiles along a radius and the bottom plot shows the temperature evolution on two points at different distances to the center. Fig. 7 . Comparison of calculated and measured temperatures after applying 1200 W during 108 s in a disk of diameter 20 cm of C-45 steel, using a circular inductor of diameter 10 cm, following a circular trajectory of radius 6 cm and speed 1.11 rad/s. In the left side, from bottom to top are shown the calculated power density distribution generated in the disk, the calculated temperatures and the measured temperatures after 108 s. In the right side, the top plot shows the temperature profiles along a radius and the bottom plot shows the temperature evolution on three points at different distances to the center. 
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The results obtained from the simulation of the strategies with the inductor placed in a static position, centered with the pan with one or both coils of the inductor activated, are shown in Fig. 8 . These strategies are proposed for the smallest pans, with diameters from 5 cm to 18 cm. The plot shows the maximum temperature differences, calculated and measured, when 180 ºC are reached during the pre-heating process for different disk sizes. From these results the best activation strategy of the coils for each pan size can be derived, corresponding to that which produces the lowest temperature difference. Hence, for pan diameters between 5 cm and 12 cm the best strategy is the activation of the internal coil, and from 12 cm to 17 cm it is more suitable to activate both coils, generating the same amount of power density with each one (power density division between coils 50% / 50%). With pans over 17 cm, the heating of the central area of the base is more significant than in the peripheral area, obtaining higher temperature differences and therefore an unsuitable heating result. The simulation results in the case of heating strategies with the inductor describing circular trajectories beneath the pan, with one coil and with both coils activated, is presented in Fig. 9 . These strategies are proposed for medium sized pans and the largest pans, with diameters from 16 cm to 32 cm. The best heating strategy for each pan diameter can also be established from the calculation results. With a total coverage of the inductor (dashed line), the heating efficiency is maximum, however with the smallest pan diameters an overlap of the magnetic field occurs in the center of the base, which generates a hot spot and hence an uneven temperature distribution ( Fig. 10 (a) ). In order to obtain a more uniform thermal distribution, the trajectory radius can be selected for each pan, even if the inductor is partially uncovered during the heating process (Fig. 10 (b) ). Therefore, pans with diameters between 16 cm and 24 cm are heated with a more uniform thermal distribution with the internal coil and a circular motion, selecting an appropriate trajectory radius. The biggest pans, with diameters between 25 cm and 32 cm, are heated more uniformly with both coils activated plus the motion. In this case, for diameters between 25 cm and 27 cm the results are improved if the internal ring generates a higher power than the external ring, for example with a power division between coils 65% / 35%. Fig. 8 . Maximum temperature differences calculated and measured in a preheating process of C-45 steel disks, using strategies with the double inductor in a static position centered with the disk, with one or both coils of the inductor activated. In the case of the activation of both coils, two different power divisions between coils have been considered, in simulation and in the experiments. Fig. 9 . Maximum temperature differences calculated and measured in a preheating process of C-45 steel disks, using strategies with the double inductor following circular trajectories beneath the disk, with one or both coils of the inductor activated. In the case of the activation of both coils, two different power divisions between coils have been considered.
VI. CONCLUSION
In this paper, an induction heating system with mobile inductors for domestic induction hobs has been presented. The evaluation of the flexible induction heating appliance with a mobile double-coil inductor has been carried out with a theoretical model of the heating process, as well as the study of optimal strategies combining inductors with different diameters and motion. Attending to the performance when heating up different pans of any size, we have proved that excellent results are obtained with the proposed solution. Maximum Difference (ºC) 
